One of the common tests used in differentiating the Enterobacteriaceae and other gram-negative organisms is based on their ability to decarboxylate ornithine, lysine, and arginine (3-5, 14, 15) . Usually based on a change in the color of a pH-sensitive indicator (6, 8, 11, 12) , the tests take from 1 to 4 days. If the organisms happen to attack the indicator (11) or the solution is not sharply acidic or alkaline, decarboxylase activity cannot be measured with any certainty. Gale (7) measured CO2 evolution manometrically, and Leclerc (9) used a C02-phenolphthalein system in an automated procedure.
Several authors (1, 2, 11) devised a biochemical test for cadaverine and putrescine, the respective end products of lysine and ornithine decarboxylase activity. They extracted the amines with ninhydrin. Although M0ller (11) first suggested this procedure, he used a lengthy incubation period and a reaction procedure which involved boiling the chloroform extract with the ninhydrin reagent. No one has reported a similar method for arginine decarboxylase or adapted these procedures for routine laboratory tests. In this paper, we present a rapid method for the determination of ornithine and lysine decarboxylase based on the chloroform extraction procedure and describe some of the parameters for optimal activity. A companion paper, which immediately follows in this journal, discusses similar studies with the arginine decarboxylase (EC 4 
RESULTS AND DISCUSSION
The presently used methods for determining ornithine and lysine decarboxylase activity take from 1 to 4 days and depend on a color change in the medium (6, 11) . Several rapid methods which have been reported for lysine decarboxylase are not very suitable for routine laboratory procedures (1, 2, 8) . No rapid tests for ornithine or arginine decarboxylase activity have been reported. We have developed a rapid method, easily adapted to the clinical microbiology laboratory, in which the biochemical determination for the presence of the amines can be made in the same test tubes initially used to culture the organisms. Decarboxylase activity can be determined either within 4 hr (by using a large inoculum) or after an overnight incubation period.
Media. The ornithine and lysine decarboxylase enzyme systems are inducible in microorganisms (7) . Thus, no enzyme activity is found in the absence of the particular amino acid substrate. When we began these studies by using a large inoculum in a complex medium containing beef or yeast extract and peptone (such as M0ller's Carlquist's or Falkow's) we observed several false-positive results, both in the basal medium and in the medium containing the amino acid. For example, Escherichia coli ATCC 11246 was negative on the synthetic medium with or without ornithine but was positive in the complex medium in both instances. Since this strain is lysine decarboxylase-positive, enough lysine was present in the complex medium to stimulate this enzyme and produce a positive result, even though cadaverine rather than putrescine was formed. Other authors have reported similar results (1, 2, 13) . Perhaps this is the reason for many discrepancies noted in the literature.
Thus, we decided to use a synthetic medium in these studies so that amine production would be directly related to the single "parent" amino acid present in the medium and thus the results could be interpreted with greater confidence. The use of a washed culture which was initially grown on a complex medium for an inoculum gave the same results as were obtained with cells grown on the synthetic medium. This is of value in the diagnostic laboratory, where a culture is often initially isolated on a complex medium. In addition, the use of a large inoculum and a 4-hr incubation period gave positive results with some of the fastidious organisms, as well as with Shigella and Proteus which also grew slowly at first in the synthetic medium. This procedure provided enough cells for detectable enzyme induction in the absence of rapid growth. Sher and Mallette (13) indicated that enzyme formation could occur within 1 hr under these conditions in E. coli.
We have combined several features from previously published media for various decarboxylase systems (2, 7, 10) . Gale (7), for example, stated that pyridoxine (the coenzyme for several decarboxylases) and niacin were necessary for a Results show the time required (hours) for a positive reaction; W = weak reaction followed by a stronger reaction within the next hour; -= negative at 24 hr (organism lacking the enzyme); + = positive at 24 hr. Overnight cultures grown in the basal synthetic medium were washed and resuspended in several concentrations of the amino acids (0 = ornithine; L = lysine), which were added to the synthetic medium. Cultures were incubated 1 to 24 hr at 37 C at an initial pH of 7.0. optimal activity. We found that niacin also promoted better growth of the Proteus strains but did not have much effect on enzyme activity under our conditions. Melnykovych and Snell (10) reported that several amino acids such as tyrosine and methionine stimulated arginine decarboxylase activity. The data reported in this paper (Tables 1-4) were obtained with organisms grown in the synthetic medium without tyrosine and methionine. To derive a single basal medium which could be used for all three decarboxylase systems, the effect of adding these two amino acids to the lysine and ornithine decarboxylase medium was investigated. No stimulatory or inhibitory effects were observed when several of the parameters such as pH or amino acid concentration were retested on the modified medium. Thus, a single medium was derived which could be used interchangeably for the three enzyme systems. The mineral salts in the synthetic medium were adapted from synthetic media used by several authors (2, 10, 13) .
Effect of amino acid concentration. When cells were grown on the basal synthetic medium in the absence of ornithine or lysine, no amines were detected in the chloroform extracts. Several concentrations of lysine and ornithine were tested for optimal enzyme activity within a 4-hr period. Representative organisms were used for these studies. As can be seen in Table 1 , 1.0% gave the best results for both enzyme systems and was slightly better than 0.5 %. Activity appeared within 2 to 4 hr with the organisms containing the enzyme. A concentration of 5% gave the poorest results. These results were similar at different pH and temperature ranges. Therefore, an amino acid concentration of 1.0% was used for both enzyme systems in the remainder of these experiments.
Effect of pH. According to Gale (7), an acid growth medium stimulates decarboxylase acactivity and an alkaline medium stimulates deaminase activity. The initial pH of the complex media usually ranged from 6 to 7.5. Therefore, both an acid (5.5) and a neutral(7.0)pH were tested. The initial experiments were run at 37 C, but data for 27 C were also obtained. Table 2 shows that an initial pH of 7.0 was more effective in stimulating putrescine formation with most of the representative organisms screened for this purpose.
In the case of lysine decarboxylase, however, poising the medium at pH 5.5 resulted in more rapid amine production. In fact, positive results were noted with most strains in about half the time required at the higher pH (Table 3) . Positive results were routinely obtained within 2 hr at this pH.
Effect of temperature. Gale (7) reported an optimal temperature of 26 C for these enzyme systems, whereas others (2, 4, 9) used 37 C. We therefore used similar temperatures. Since an initial difference in the pH had been observed for these two decarboxylases, the temperature experiments were done at different p1I levels as well, to detect the most favorable combination of temperature and pH. In general, the higher temperature of 37 C resulted in earlier amine production in both enzyme systems, regardless of initial pH of the medium. These data are presented in Table 2 for ornithine decarboxylase and in Table 3 for lysine decarboxylase. With most of the organisms tested, cadaverine was routinely detected by 1 hr at 37 C, whereas the average time for putrescine production at 37 C was 3 hr. At a temperature of 27 C, longer incubation periods were necessary for both enzymes. In fact, several strains of Salmonella were still negative for Extraction and detection methods. Putrescine and cadaverine, the respective amine end products of ornithine and lysine decarboxylase, respectively, were soluble in chloroform, whereas the two amino acids were not. Taking advantage of this differential solubility, M011er (11) and others (1, 2) used a reaction of the chloroform extract with ninhydrin to detect the presence of the amine. All of these authors removed the chloroform layer from the reaction tubes before adding the ninhydrin. Moller, in fact, boiled his chloroform extract for 3 to 4 min. In an attempt to adapt these procedures for the routine laboratory, we have tried to limit the amount of glassware and manipulation involved in this procedure. The presence of DMSO in the ninhydrin reagent sharpened the sensitivity of the reaction and allowed the detection of the amine without removal of the chloroform layer from the tube. The ninhydrin reagent was merely pipetted into 
1W
a W = weak reaction followed by a strong reaction within the next hour; -= negative within 4 hr but positive after overnight incubation. Overnight cultures grown in the basal synthetic medium were washed and resuspended in the synthetic medium plus 1% lysine.
the chloroform layer at the bottom and was followed by a gentle agitation. The appearance of a blue-purple color was recorded as a positive result. After 0.5 to 1 hr, some mixing occurred, and the upper layers of the tube (containing the amino acids and cellular debris) also turned purple.
Thus, growth (either an overnight or a 1-to 4-hr culture), extraction, and detection of the amines can take place in the same tube. The alkali, chloroform, and ninhydrin reagent can be added automatically to the banks of test tubes with various commercial pipettors.
Chromatography. Ascending one-dimensional thin-layer chromatograms on silica gel plates were used to determine more accurately the presence and number of amines produced in the synthetic culture medium in response to the amino acid substrates. Known a Symbols: + = positive for the decarboxylase; -= negative for the decarboxylase. Cultures were harvested and observed for amine production after 4 hr on the synthetic medium, 24 hr on Falkow's medium, and 4 days on M0ller's medium. A 24 hr culture grown on the basal synthetic medium was used as an inoculum. controls). Some data obtained with Carlquist's medium varied with the Salmonella organisms, which were routinely positive on synthetic medium plus lysine ( Table 4) . As can be seen in Table 4 , there were some differences when Fal- Further studies along these lines with a greater selection of organisms and strains are contemplated. When M0ller's medium was similarly extracted with chloroform and the ninhydrin reagent was added, the tubes that were strongly positive after 4 days also gave a positive reaction. Results obtained from negative or uninterpretable M0ller's tubes were variable in their response to the ninhydrin reagent. Some negative tubes which had changed toward the end of the 4-day period were negative for the amines whereas others were positive.
Thus, on the basis of the data presented in this paper, it would appear that a synthetic medium for determining decarboxylase activity which contains only the key amino acid can be used for rapidly and accurately assessing the biochemical potential of various members of the Enterobacteriaceae and related organisms.
